SUMMARY The interaction of lactoferrin (LD with
Aeromonas hydrophila (n = 28) was tested in a 125I-labeled protein-binding assay. The mean per cent binding values for human Lf (HLf) and bovine Lf (BLf) were 13.4 _+ 2.0 (SEM), and 17.5 + 2.7 (SEM), respectively. The Lf binding was characterized in type strain A. hydrophila subsp. hydrophila CCUG 14551. The HLf and BLf binding reached a complete saturation within 2 h. Unlabeled HLf and BLf displaced 125I-HLf binding in a dose-dependent manner, and more effectively by the heterologous (1 /xg for 50% inhibition) than the homologous (10 #g for 50% inhibition) ligand. Apo-and holo-forms of HLf and BLf both inhibited more than 80%, while mucin caused approx. 50% inhibition of the HLf binding. Various other proteins (including transferrin) or carbohydrates did not block the binding. Two HLf-binding proteins with an estimated molecuCorrespondence to: A.S. Naidu, Department of Medical Microbiology, Malm6 General Hospital, University of Lund, S-214 0l Maim6, Sweden. lar masses of 40 kDa and 30 kDa were identified in a boiled-cell-envelope preparation, while the unboiled celt envelope demonstrated a shortladder pattern at the top of the separating gel and a second band at approx. 60 kDa position. These data establish a specific interaction of Lf and the Lf-binding proteins seem to be porins in A. hydrophila.
INTRODUCTION
The habitat of Aeromonas hydrophila is fresh water, sewage, unpasteurized milk, etc. and this bacterium has gained acceptance as an aetiological agent of acute diarrhoeal disease, in particular among children [1, 2] . The disease transmission is through food and water, with an increasing incidence in developing countries [2] . Breastfeeding is known to protect children against several intestinal infections and this prophylaxis has been attributed to various antimicrobial agents in human milk [3] . Lactoferrin (Lf) is an antimicrobial, iron-binding protein present in milk and in various exocrine secretions at high concentrations 116 [4] . However, the interaction of Lf with A. hydrophila has not been reported so far.
A. hydrophila is also an increasing cause of nosocomial septicaemia in immunologically compromised hosts [5, 6] . A majority of such susceptible individuals, demonstrate both qualitative and quantitative defects in polymorphonuclear leukocytes (PMNLs) [5] . PMNLs are important in the production of various antimicrobial acute phase proteins (APPs) during inflammatory cell-mediated protection [7] . Lf is also an APP produced by PMNLs and its concentration significantly rises during inflammation or endotoxic shock [8, 9] . Lf has been suggested to elicit bacteriostatic, bactericidal and opsonic effects on various microbial pathogens [10] and the adsorption of Lf to bacteria may enhance these antimicrobial effects [11] .
In this communication we have demonstrated interaction of human and bovine LFs with laboratory strains and clinical isolates of A. hydrophila.
The nature of Lf-bacteria interaction has been characterized in a type strain A. hydrophila subsp. hydrophila CCUG 14551 and the proteins involved in the specific binding of Lf were identified in the cell envelope of A. hydrophila.
MATERIALS AND METHODS

Bacteria
All of the A. hydrophila strains were from the Culture Collection, University of G6teborg (CCUG). The strains originated from divergent clinical specimens and foods, isolated at various geographical regions. The lyophilized cultures were revived on blood agar base No. 2 (Oxoid Limited, Basingstoke, U.K.) supplemented with 10% human blood, at 37 o C, for 18 h. For binding experiments, bacteria were subcultured twice in the above conditions, cells were harvested, washed in phosphate buffered saline, pH 7.2 (PBS), and the density of the suspension was adjusted photometrically (at 600 nm absorbance) to 10 ~° cells/ml. Binding characterization studies were performed with a type strain A. hydrophila subsp.
hydrophila CCUG 14551 (ATCC 7966; NCTC 8049; NCIB 9240).
z2~l-labeled Lf binding assay
HLf (lot 63541) purified from milk, was purchased from US Biochemicals, Cleveland, OH. BLf purified from milk whey was kindly provided by Dr. H. Burling, Swedish Dairies Association, Malm6, Sweden. Both Lf preparations were homogenous in ion-exchange (Mono-Q column, Pharmacia, Uppsala, Sweden) and in molecularsieve (TSK G4000 SW, LKB Produkter AB, Bromma, Sweden) high-performance liquid chromatography. Proteins were labeled according to a modified chloramine-T method with Na[125I] (DuPont Scandinavia, Stockholm, Sweden) using Iodobeads (Pierce Chemicals, Rockford, IL) [12] to a specific activity of 0.15 MBq//~g for HLf, and 0.16 MBq//xg for BLf. Binding assays were performed as described earlier by Naidu et al. [13, 14] . Briefly, 10 9 bacteria (in 0.1 ml PBS) were mixed with 0.1 ml of 12SI-Lf (radioactivity adjusted to 2-2.5 × 104 cpm, corresponding to approx. 8 ng of the protein). After incubation for 1 h at room temperature, 2 ml of ice-cold PBS (containing 0.1% Tween-20) was added to stop the binding reaction. The suspension was centrifuged at 10000 × g for 15 rain and the superhate was aspirated. Radioactivity bound to the bacterial pellet was measured in a gammma counter (LKB Wallac Clinigamma 1272, Turku, Finland). Binding was expressed as a per cent value, calculated from the total labeled ligand added to the bacteria. A background radioactivity (from incubation mixtures without bacteria) of 2.5% was subtracted from the values.
SDS-PAGE analysis of bacterial cell envelope and outer membrane
The cell envelope and the outer membrane were prepared from strain CCUG 14551, according to Schnaitman [15] . Triton X-100 insoluble fractions were recovered by ultra-centrifugation (100 000 × g) and were used as outer membranes. Both preparations were analysed by SDS-PAGE in discontinuous buffer system described by Laemmli [16] . Separating gels containing 12.5% acrylamide and 0.2% SDS were run in a Miniprotean II apparatus (Bio-Rad, Richmond, VA.) at 60 V for approx. 2 h.
Western-blot analysis with horseradish peroxidase (HRPO) conjugated HLf
After SDS-PAGE, proteins in the gel were transferred to nitrocellulose membrane (Sartorius, G6ttingen, FRG) at 0.8 mA/cm 2 for 2-3 h, using a semi-dry blot equipment (Novablot 2117-250; Pharmacia LKB, Bromma, Sweden). The free sites on the membrane were blocked with 1% Tween-20 for 15 min. HLf was coupled to HRPO according to Nakamura et al. [17] and the membranes were probed with this conjugate. The colour reaction was developed with diaminobenzidine (2.5 × 10-4% W/V; Sigma) dissolved in 0.05 M sodium acetate buffer, pH 5.0, containing hydrogenperoxide (3 x 10-4% V/V), and the reaction was terminated by adding 5% sodium pyrosulfite (1% w/v). Preincubation of blots with unlabeled HLf has abolished the HLf-HRPO interaction, excluding the possibility of direct HRPO binding to bacterial components. Time (hours) Fig. 1 . Time course of leSI-labeled HLf and BLf binding. Cells of strain CCUG 14551 were incubated with IzSI-HLf or -BLf at time intervals indicated. Values represent the radioactivity bound to 10 9 bacteria after deducting the background (radioactivity) measurement.
RESULTS
A total of 28 A. hydrophila strains were tested for HLf-and BLf-binding in a 125I-labeled protein-binding assay. The mean per cent binding values for HLf and BLf were 13.4 + 2.0 (SEM) (6.0-22.1% range) and 17.5 + 2.7 (SEM) (6.6-32.6% range) respectively.
The Lf binding to A. hydrophila subsp, hydrophila strain CCUG 14551 was time-dependent and required approximately 2 h for saturation of both human and bovine proteins (Fig. 1) . Unlabeled HLf and BLf displaced 125I-HLf binding in a dose-dependent manner, and more effectively by the heterologous (1 /zg to elicit 50% inhibition) than the homologous (10 #g to elicit 50% inhibition) ligand (Fig. 2) .
The inhibitory capacity of various unlabeled proteins and carbohydrates (at 0.1 mg/ml concentration) on ~25I-HLf binding to strain CCUG 14551 was tested. Iron-free and -saturated forms of HLf and BLf both elicited more than 80%, while mucin caused approx. 50% inhibition of the HLf binding. Other proteins (apo-transferrin, iron-saturated transferrin, fetuin, bovine serum albumin, and ovalbumin) or carbohydrates (D( + ) Cell envelope preparation of strain CCUG 14551 was analysed for the presence of Lf-binding components in SDS-PAGE/Western-blot (Fig. 3) . Two HLf-binding proteins with an estimated molecular mass of approx. 40 kDa, and approx. 30 kDa were identified in the boiled sample. The unboiled sample demonstrated two different bands: the first one formed a short ladder pattern at the top of the separating gel and a second one was detected at the approx. 60 kDa position. These bands were demonstrated also in the outer-membrane-protein preparations (data not shown).
DISCUSSION
Lf elicits an enhanced antimicrobial effect when adsorbed to the bacterial surface [11, 18] , a process that may contribute to the host defence. On the other hand, certain microorganisms seem to utilize the iron bound to Lf via specific Lf receptors expressed in the outer membrane [19] [20] [21] , a property that may contribute to the bacterial virulence. Thus, El-bacteria interaction has a pathobiological relevance in either way. In this communication, we have demonstrated evidence for a specific interaction of Lf in A. hydrophila.
The HLf and BLf binding to A. hydrophila was saturable and implied a limited number of ligand-binding sites on the cell. The ~25I-HLf binding to strain CCUG 14551 was displaceable and the bacterium recognized both labeled and native forms of HLf and the BLf with a comparatively higher affinity. In inhibition experiments with excess (100-fold) concentration of different proteins and carbohydates, only HLf and BLf caused a high degree of inhibition and a 50% blocking effect with mucin type-I. Mucin is rich in Lf [22] , and Lf fragments contaminating the mucin preparation might account for the inhibition. According to the ligand-bacteria dissociation studies, the interaction does not seem to be of an electrostatic nature since 4 M NaCI failed to dissociate the complex. KSCN and guanidine HCI caused an approx. 50% dissociation of the tigand-bacteria complex, probably by altering the conformation of the proteins involved, by the chaotropic effect.
Western-blot analysis revealed an approx. 40 kDa and an approx. 30 kDa Lf-binding protein in the boiled-cell-envelope preparations of strain CCUG 14551. Binding proteins were less mobile in the unboiled samples, a set of bands formed a ladder at the top of the separating gel, a pattern characteristic to most of the enterobacterial porin oligomers [23, 24] . Furthermore, a second band also appeared at the approx. 60 kDa position. Increased mobility by heat treatment in SDS is due to monomer formation and/or higher SDS uptake, also a characteristic of enterobacterial pore-forming proteins. The approx. 40 kDa band detected in the boiled preparation corresponds to a major protein of A. hydrophila that has been identified as a porin in earlier studies [25] . Porins are also resistant to various proteolytic enzymes [23, 24, 26] . In accordance, our enzyme digestion studies revealed that the HLf binding components are extremely resistant to protease, carbohydrase and lipase digestion (data not shown).
In summary, we have established a specific Lf binding and identified two Lf-binding outer membrane proteins in A. hydrophila that are most likely porins.
